A primary goal of the Coordinated Data Analysis Workshop (CDAW) 6 has been to study the flow of energy from the solar wind through the magnetosphere and in so doing to examine the role of magnetotail storage and rapid dissipation of this energy during magnetospheric substorms. The chosen intervals for CDAW 6 analysis (March 22 and March 31 to April 1, 1979) are well suited for such studies since spacecraft were situated upstream (IMP 8 and ISLE 3) to measure magnetospheric energy input from the solar wind and spacecraft were also located in the magnetotail (ISLE 1, 2) and the midnight sector at geostationary orbit (76-059, 77-007, GEOS 2, GOES 3) during several of the substorm periods. Using solar wind, magnetotail, and geostationary particle and field data, as well as ground-based information, we present the evidence for enhanced solar wind-magnetosphere coupling and concomitant increases of stored magnetotail energy. Clear examples of energy storage are found prior to the 1055 and 1435 UT substorms of March 22, as well as the 0250 UT and 2250 UT substorms on April 1 and March 31, respectively. In these cases we estimate the total energy increase in the tail prior to the substorm onsets, and we estimate the dissipation rate of this energy during the substorms themselves. Typical total energy increases in the tail (•>5 x 1022 ergs) appear to be more than adequate to supply the substorm energy dissipation inferred from ground-based and spacecraft observations.
properly, intensifications) can be discerned in the AL trace of Figure 1 , and we will discuss several of these substorm events in some detail later in this paper. Of special note for our purposes here will be numerous geostationary platforms, and relevant positional information for these spacecraft is summarized in Table 1 . In addition to these measurements at 6.6 Re, we utilize data from ISEE 1, 2, and 3 plus IMP 8. Figure 2 shows the positions of these latter high-altitude spacecraft in an x-y plane projection for the intervals of interest: March 22 (day 81), 0600-2000 UT, and March 31 to April 1 (day 90-91), 1200-0600 UT. Nominal magnetopause and bow shock positions are also illustrated, but these boundary positions are highly variable, in reality, for the CDAW time periods (B. Wilken et al., unpublished manuscript, 1984).
In addition to the traditional indices of geomagnetic activity (AE. Dst, ASYM), several other parameters have also proven very valuable for our present analyses. As described by Karnide and Baurnjohann [this issue], the extensive set of CDAW magnetometer chain data has allowed excellent determinations of global ionospheric electric fields and currents, field-aligned currents, and Joule heat production rates at high latitudes. The latter quantity, namely, the Joule heat rate, in particular has proven useful and convenient for our correlative work here. We also utilize many of the deep-space parameters described in the introduction to enhance our correlative capabilities (e.g., particle injections at 6.6 Re). Finally, in an attempt to consider the entire magnetospheric energy output, we also examine the Ur parameter [Akasofu, 1981; Baker et al., 1983] , which considers both auroral and ring current dissipation terms. This parameter was computed for the CDAW 6 data intervals and was placed on the data base in the form of 5-min average values.
OBSERVATIONS
In this section we will discuss separately the March 22 and by AE(57). We will further examine the variations of AE below.
The bottom two panels of Figure 3 show near-magnetotail data from ISEE 2. As is evident from the low tail field strength (fourth panel) and relatively high plasma number density (fifth panel) prior to 1055 UT, ISEE 2 was predominantly in the plasma sheet before the first substorm expansion onset. Note the relatively smooth, rapid increase of lB[ at ISEE 2 after ,-• 1200 UT. This trend, of course, is due to the inward trajectory of ISEE 2 which took it to low geocentric radial distances toward the end of the CDAW 6 interval (cf. Figure  2) . Nonetheless, a plasma sheet "thinning" event appeared to be present between 1400 and 1500 UT in association with the second substorm event, and we will examine this feature further below. and the diversion of the cross-tail currents through the auroral ionosphere.
The dotted line in Figure 5 shows a measure of solar wind energy input to the magnetosphere, namely -VB z (see, for example, Nishida [1983] ). In the "half-wave rectifier" picture of magnetospheric response to the solar wind, energy coupling would have greatly increased (due to dayside reconnection) at ~ 1010 UT, i.e., when -VBz went to positive values. This is well supported by the data, since 0B began to increase greatly (as did AE (57) Neither 0B nor AE is a true measure of magnetospheric energy dissipation, and thus to carry out our objectives we need to examine parameters explicitly related to ionospheric and ring current dissipation terms. It should be recognized that the Joule heat production rate is not the only form of substorm dissipation. Thus, as noted in the introduction, we have used another available CDAW 6 parameter, the "total" magnetospheric energy output function Ur [Akasofu, 1981] . It should be noted at the outset that Ur is only a rough estimate of ionospheric and ring current dissipation terms, and it has very definite limitations [see Baker et al., 1983] . However, with these caveats in mind, Note that for the most part the IMF was strongly and persistently southward from ,-,1400 UT until ,-,0300 UT. Some notable periods of northward field, as at ,-, 2100 UT and 0045-0145 UT, were seen in the data, however. It was very likely this continually southward Bz which gave rise to the intense, continuous disturbance of auroral activity shown in Figure 12 by the AE(58) index. The times of several identified substorm expansion onsets are indicated at the top of the figure by the vertical arrows.
The lower two panels show ISEE field and plasma data, respectively, in the magnetotail. ISEE 1 and 2 were close to one another during this time, and in order to illustrate data of superior quality we plot magnetic field data from ISEE 1 and plasma number density from ISEE 2. Particularly between 1800 UT and ,-, 2300 UT, numerous entrances and exits of the ISEE pair between the tail lobe and plasma sheet were seen. Since those lobe-plasma sheet transitions were substorm related in several cases, we will examine some of these data more closely below.
Note in Figure 12 that a general increase in the IMF B:
occurred late in the CDAW interval. Associated with this, AE(58) diminished and appeared to exhibit a more "isolated" substorm behavior. In Figure 13 we show an expanded version of the Vsw, B:, and AE(58) data for 0000-0600 UT on April 1. Close examination of the ground-based data, in fact, shows a double onset substorm expansion phase with onset times of ,-,0220 UT and ,-,0250 UT. These times are shown in Figure 13 . Note in Figure 13 that the IMF had been northward for nearly 1 hour (0045-0145 UT) prior to the substorm expansions. During this interval, AE(58) diminished substantially, and geomagnetic conditions quieted. B: then went strongly southward again after ,-,0145 UT, and AE (58) A double step function increase in the energetic electron count rate was observed. The first at ~0220 UT corresponded to the first substorm expansion onset: an increase of flux by a factor of 2-3 over the predropout flux level was seen in this first step. The second increase in particle flux was also very sharp and occurred at ~0250 UT. This compared very well to the second identified expansion onset time, and this flux increased much higher in absolute intensity than the first event.
The solid line in Figure 14 shows the calculated total Joule heat rate. Prior to ~0130 UT the Joule heat rate appeared to be diminishing from prior periods of strong activity. The lowest levels of Joule heat production were seen early in the growth phase interval. Interestingly, only a relatively small increase in the Joule heat rate was seen in association with the first expansion onset (and particle injection) at 0220 UT. A very large peak in the Joule heat rate occurred in good time coincidence with the second injection event at 6.6 Re following the 0250 UT expansion onset. As seen in Figure 16 , the variation of Btail at ISEE 1 was not related to any variation of the solar wind speed (upper panel). We have also examined the solar wind density and find no correlated changes with the increase and decrease of Btail. Therefore the solar wind dynamic pressure did not cause this change in the tail field, and we conclude that it was due to increased energy storage in the magnetotail lobes.
Having "clean" measurements of the lobe magnetic field strengths, we can conveniently make estimates of the energy storage and dissipation rates (see, for example, Baker et al. In all of these cases, energy was added to the magnetosphere for a substantial period (30-60 min) before the substorm onset occurred and very intense, localized dissipation began (DP 1 current system). This study also demonstrates quite clearly, however, that magnetospheric energy dissipation is not negligible during the "growth phase" (energy loading) interval. Lower level, but very global, dissipation in DP 2 kinds of current systems accompany the increase of stored magnetotail energy. Our quantitative estimates indicate that the time-integrated total dissipation during the loading process is usually less (by a factor of 2-5) than the total dissipation during the unloading process. This ratio is highly variable.
The results of this study are most supportive of a model which modifies the unloading model of Figure 18 as shown by the short-dashed line. During the growth phase there is a long interval of low level, but significant, energy dissipation. This is a (DP 2) energy output that accompanies the global convection (in the polar cap) which loads energy into the magnetotail lobes. At substorm expansive phase onset there is a large intensification of the dissipation rate, and this corresponds to the unloading of energy from the tail. Thus both directly driven loading (growth phase) and nondriven unloading (expansive phase) processes play an important role in substorms depending on the different phases. As shown, for example, by the 1436 UT substorm case presented here (Figure 10 ), both the driven and unloading processes can, and do, go on concurrently in many instances.
The present study again illustrates in a very concrete way the important characteristic time constants of the magnetospheric substorm response to solar wind input. In nearly all the cases studied in this paper, there was a rapid, sharp southward IMF turning that initiated the substorm activity. About 10-20 min later, growth phase effects were seen in the AE index, in the field inclination at 6.6 Re, in particle distribution functions, in total Joule heat, etc. Then, about one hour after the southward IMF turning, the substorm expansive phase itself occurred with strong enhancement of Joule heat production, particle injection events at 6.6 Re, near-tail magnetic field dipolarization, etc. These results provide strong case study support for the statistical result of L. F. Bargatze et al. (unpublished manuscript, 1984 ) which showed two peaks in the impulse response function of the magnetosphere: one at ,-, 20 min and one at ,-, 60 min. Bargatze et al. suggested that the 20-min peak was the response time scale for directly driven substorm processes while the 60-min peak was the response time scale for magnetotail energy unloading processes.
